Expression of the mitogen-activated protein kinase kinase ZmMEK1 in the primary root of maize.
We have analyzed changes in the distribution and abundance of a mitogen-activated protein kinase kinase (MAPKK) enzyme (EC 2.7.1.37) known as ZmMEK1. in root apices of Zea mays L. under normal growth conditions, and after treatments that alter patterns of proliferation, as a means to assess the potential physiological role of the MAP kinase cascade in growth and development. The ZmMEK1 protein is most abundant within immature tissues such as the roots and leaves of seedlings, and is nearly undetectable in mature leaf tissue. Along the longitudinal axis of growing roots, ZmMEK1 mRNA and protein are abundant throughout the apical 12 mm. Two anti-ZmMEK1 antibody-reactive proteins can be resolved within the apical 4 mm of the root, spatially coinciding with the meristem and distal elongation zone. Phosphatase treatments suggest that both immunoreactive bands are forms of ZmMEK1 that differ in their state of phosphorylation. Expression of ZmMEK1, histone H4 and cyclin-dependent protein kinase (CDK) in roots after 7 days of exposure to low temperature and during a 48-hour recovery period was monitored during the coincident alterations in growth. Levels of ZmMEK1 mRNA and protein within these roots were indistinguishable from those of control roots. However, a slower-migrating form of ZmMEK1 temporally coincided with the observed increase in CDK levels during the transition into proliferative activity. We demonstrate that the ZmMEK1 MAPK activator is expressed and is differentially phosphorylated within the root meristem and distal elongation zone. We suggest that post-translational modifications of the protein regulate the function of ZmMEK1 within the root. Changes in ZmMEK1 phosphorylation state correlate with changes in proliferation in the root apex.